SHORT STATURE
Ge

neral Medicine

Childhood short stature is
common in family practice.
Familial short stature and
constitutional growth delay
account for most cases, and
there are dear guidelines for
differentiating these from
each other and from less
common pathologic conditions.
Appropriate investigation,
treatment, and referral are
delineated, and growth
hormone therapy is described.
An integrated
medical-psychosocial approach
fo care is recommended.

Il arrive fréquemment que
Ion rencontre des enfants de
petite taille en pratique
familiale. La plupart des cas
trouvent leur explication par
la présence d’une famille &
petite taille et d’un retard de
croissance constitutionnel. Il
existe un guide clair pour
établir la différence entre ces
conditions et d’autres
pathologies moins fréquentes.
Lartide prédise
I'investigation et le
traitement appropriés, le
besoin de consultation et
décrit la thérapie a I'hormone
de croissance. On
recommande une approche
médico-psychosociale intégrée
pour ce type de soins.

Can Fam Physician 1991,37:2206-2213.

Short Stature n

Childhood

and

Adolescence

Part 1: Medical management

FRANK N. SCHNELL, MD, CCFP(EM)

JAMES R. BANNARD, MSc

HORT STATURE IS A COMMON
problem in family practice,
representing that  patient
population whose height is
more than two standard
deviations below the mean, or below the
third percentile. Statistically, approximate-
ly 80% of these children will have constitu-
tional growth delay or familial short stature
(about evenly divided),'? and the remaining
20% have more serious pathologic causes.

Growth charts are the most useful meth-
od of monitoring normal growth patterns.
Data plotted over time allow the physician
to determine whether the child is of normal
stature and growing at a normal rate.® The
postnatal lincar growth rate is the greatest
in carly infancy (with an average growth of
18 cm/y), slows in midchildhood (with a
growth range between 5 to 7.5 cm/y), ac-
celerates at puberty, and then decelerates
until epiphysial fusion occurs, at which time
growth ceases.*’

Fully two thirds of normal infants will
shift their lincar growth pattern before the
age of 18 months.* However, by 2 to 3 years
of age, children will usually reach a growth
chart percentile that will be maintained un-
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til puberty. That is, the growth of an indi-
vidual child will usually progress along the
same percentile curve from 2 to 9 years of
age.”*'"" Abnormal growth is reflected by a
deviation from the percentile curve that he
or she was following previously. Short
stature is defined as height less than the
third percentile for age, sex, and cthnic
background.'

While most of the literature focuses on
physical considerations, the psychosocial
aspects of short stature can be equally im-
portant. The long-term prospects for chil-
dren who remain significantly short as
adults are uncertain; a number of outcome
studies suggest poor social and vocational
adjustment."™!” A physician who offers in-
formed and sensitive support and guidance,
in concert with the customary physical ex-
amination, investigation, and treatment, is
sometimes able to mitigate such dishearten-
ing sequelae.

Determinants of growth

The linear growth and final adult stature
of an individual depend on multiple factors.
Familial and genetic factors are among the
most important influences on growth. The
midparental height, which is the average of
the heights of each parent, allows predic-
tions of the ultimate height of the child.'®
The midparental height should be adjusted
as directed by Tanner et al,'® by adding
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6.5 ¢m to the midparental height for a boy’s
chart, and by subtracting 6.5 ¢cm from the
midparcental height for a girl’s chart. The
adjusted midparental height thus allows a
target for genetic expectation. The correla-
tion of a child’s height with this midparen-
tal height is 0.5. The correlation of an
adult’s height with his or her midparental
height is 0.7."

Racial factors, obviously genetic, are
also important. The difference between
blacks and whites in proportion of upper to
lower body (U/L ratio) is clinically signifi-
cant.”?! However, the growth rate differ-
ence for black and white populations can
be considered inconsequential, and a single
growth curve can be used.?” This is not the
case for Oriental populations, in which the
mean height and weight is less than that of
whites.” There are also many other in-
fluences on final adult height.

[t is important not to overlook intrauter-
inc growth and the intrauterine factors that
can influence postnatal growth. Insult in
the carly stages of gestation will often result
in intrauterine growth retardation (IUGR):
these children can continue to grow poorly
after delivery and be short as adults. How-
cver, if the insult to growth occurs during
the third trimester, compensatory growth is
frequently observed in early infancy. Chil-
dren who have TUGR can be observed to
have limited growth in subsequent years.?
However, infants who are small for gesta-
tional age (in weight) but of normal length
have normal growth potental.?! Virtually
any factor that can influence intrauterine
growth and fetal well-being can be ex-
pressed after delivery as short stature.

Environmental factors can also affect
growth. Malnutrition or malnourishment,
including specific nutrient deficiencies,
such as iron or zinc, can result in short stat-
ure.*?” Malabsorption syndromes, such as
ccliac discase or cystic fibrosis, can result in
short stature by causing malnourishment.
Poverty has a role in short stature, more as
a reflection of poor nutrition and chronic
illness than of psychosocial factors.
Chronic illness of virtually any organ sys-
tem can interfere with lincar growth. Most
of these cases are associated with low levels
of insulin-like growth factor (or somatome-
din-C); we do not, however, fully under-
stand the mechanisms involved.?’

Finally, endocrinologic factors exert
profound influences on normal growth dur-
ing childhood. Thyroid hormone is an es-
sential stimulant for postnatal growth. A
deficiency of thyroid hormone can slow lin-
ear growth, leading to short stature. Simi-
larly, an excess of glucocorticoids can stunt
lincar growth. Sex steroids exert their influ-
ence on the pubertal growth spurt, and
their absence does not usually affect the
growth of prepubertal children. Children
with precocious puberty or excessive pro-
duction of androgens will have accelerated
growth that can advance bone maturation,
leading to premature cpiphysial fusion and
adult short stature.** Growth hormone
and somatomedins are essential for growth.
Growth hormone stimulates the produc-
tion of somatomedins, which directly stim-
ulate cartilage growth.* The exact, relative
roles of somatotropin and somatomedins
(especially somatomedin-C [SMC/IGF-1])
in influencing growth are not completely
understood.**3

Constitutional or familial short

stature

Fully 80% of children with short stature will

have either constitutional growth delay or

familial short stature. It is important to
identify these syndromes; the main treat-
ment is reassuring the parents.

Both familial short stature and constitu-
tional growth delay can be regarded as
variants of normal, usually reflective of ge-
netic influences and possibly subtle disor-
ders of growth hormone secretion.*’

A child must meet the following criteria
to be considered as having familial short
stature®:

1. Projected adult height is within 10 cm
of midparental height or within 8.5 cm
of the adjusted midparental height.

2. Either the parents or other first-degree
rclatives are short.

3. Bone age is normal and similar to chro-
nological age.

4. Growth is generally maintained along a
curve parallel to, but slightly below, the
third percentile on growth charts.

5. The remainder of the history, physical
examination, and laboratory investiga-
tion is normal.

Constitutional growth delay, on the
other hand, probably reflects slow skelctal
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and pubertal maturation. A typical scenar-

10 would be as follows!'”3:

1. Birth size is normal, and the infant
grows normally for some time.

2. Growth and weight gain decelerate for
several months, so that both height and
weight are below the fifth percentile by
the end of infancy (age 2 or 3 years).
Growth velocity after age 3 to 5 years is
normal.

3. Skeletal maturation slows in a parallel
manner; bone age approximately equals
the height age, but is delayed for chro-
nological age.

4. Growth occurs parallel to the fifth per-
centile, and growth velocity stays nor-
mal for bone age.

5. Both the appearance of secondary sexu-
al characteristics and the adolescent
growth spurt are delayed as a result of
the delayed onset of puberty.

6. Final adult height and sexual develop-
ment are normal.

7. There is often a similar family history of
“late bloomers.”

8. There are no other historical, physical,
or laboratory abnormalities.

9. The midparental height is normal.

Constitutional growth delay occurs more

often in boys than in girls.?

The ultimate attainable adult height of

a child can be predicted from bone age and

present height. There are three methods of

height prediction, all of comparable accu-
racy. The most widely used is that devel-
oped by Bayley and Pinneau,* based on
data derived from California children. Two
other methods use midparental height in
the regression equations for height predic-
tion. The Roche, Wainer, and Thissen

(RWT) method'! was also developed in the

United States, while the Tanner and col-

leagues* method was developed in Britain.

Pathologic short stature

Pathologic short stature represents approxi-

mately 20% of cases and could reflect one or

more of the following influences or diseases:

¢ intrauterine influences (such as IUGR);

¢ malnutrition, malabsorption, or psycho-
social deprivation;

¢ chronic systemic disease, such as inflam-
matory bowel disease or renal tubular
acidosis;

e genetic syndromes, such as Down syn-
drome, trisomies D and E, or Turner
syndrome;

e skelctal disorders or dysmorphism; and

¢ cndocrinologic disorders, such as hypo-
thyroidism, glucocorticoid excess, Cush-
ing’s disease, disorders of excessive
estrogen or testosterone secretion, and
growth hormone deficiency.

It is clearly important to identify pathologic

causes of short stature, as specific treatment

is sometimes available.

Proportionate or disproportionate
skeleton? The determination of whether
the body habitus of the child is proportion-
atc or disproportionate is important for dif-
ferential ~ diagnosis.***  Disproportionate
short stature suggests skeletal dysplasia or
rickets. More than 100 forms of skeletal
dysplasia have been identified.** The
measurement of the upper to lower body
segments, and of the arm span minus
height, is useful in identifying this group.
The upper to lower segment ratio is ob-
tained by measuring the height above and
below the sympbhisis pubis. It varies, with
a typical mean of approximately 1.7 at
birth, 1.3 at 3 years of age, and 1.0 at
7 years of age. Arm span (measured with
the arms fully extended) minus height val-
ues arc about —3 to age 7 ycars and 0 from
age 8 to 12 years. By age 14 years the values
are +4 for boys and +1 for girls.* Skeletal
X-ray examinations can be particularly
helpful.

Proportionate short stature can be
caused by prenatal influences or postnatal
influences.

Prenatal influences. Prenatal influences
include any cause of IUGR. Remember
that a small infant with normal growth ve-
locity has a good outlook in terms of growth
potential.** However, any insult that occurs
in the first trimester is more likely to result
in postnatal short stature than is a third-tri-
mester insult.* Chromosomal abnormali-
ties are a cause of prenatal
proportionate short stature. These chromo-
somal abnormalities are often recognizable
by their physical stigmata. Turner syn-
drome, which is present in one out of 2000
live births of female infants, accounts for
one out of 60 cases of female short stature.?

clear
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The only indication of Turner syndrome is
sometimes short stature. Certainly a karyo-
type should be performed if this syndrome
is suspected.’” A buccal smear alone is inad-
cquate, because of a high incidence of mo-
saicism.*
Postnatal influences. Postnatal in-
fluences that can result in proportionate
short stature include endocrine disorders,
such as growth hormone deficiency (scc-
ondary to hypopituitarism),">" hypothy-
roidism, and glucocorticoid excess.”*? The
following signs indicate growth hormone
deficiency.

1. Skeletal age is less than chronological
age.

2. Skull x-ray films show enlarged sclla tur-
cica, sphenoid erosion, or calcifications
in the casc of a craniopharyngioma.

3. A computed tomographic scan indicates
a small sellar volume. >

4. Growth velocity is less than normal, in
the absence of another recognizable
cause of linear growth failure.

Specific growth hormone testing is war-
ranted if a growth hormone deficiency is
suspected. (This should be left to an experi-
enced endocrinologist.)'**

Hypothyroidism can be suggested strict-
ly on the basis of clinical features. The diag-
nosis will be confirmed by performing a
serum-free thyroxine index. Glucocorticoid
excess’' 2 can have, as its only feature, a de-
celeration of lincar growth. It can be con-
firmed by a 24-hour free cortisol testing or
an overnight dexamcthasone suppression
test.

Malnutrition must be considered as a
cause of short stature in the context of ex-
cess dicting, low socio-economic status,
child abuse, chronic gastrointestinal illness,
including inflammatory bowel disease, glu-
ten enteropathy, other causes of chronic di-
arrhea,” and anorexia and bulimia
nervosa.

Other chronic diseases that can result in
proportionate short stature include congen-
ital heart disease, anemia, renal discasc,
chronic pulmonary disease, and joint dis-

casc.®

Clinical approach
As with any medical problem, but perhaps
even more so, the approach to short stature

must involve a thorough medical history,
physical examination, and appropriate
screening laboratory investigation. Specific
tests must then be aimed at suspected ill-
nesses.

The medical history must include such
details as the birth weight of the child, the
birth length of the child (if known), the gesta-
tional age of the baby at birth, and any noted
congenital anomalies. Any intrauterine in-
sults or maternal complications, particularly
during the first trimester, should be noted.
This should include any history of infections,
drug use, or placental insufficiency. A com-
plete systems review of the child should be
performed in order to screen for symptoms
of chronic illness. Family trauma, emotional
trauma, and psychosocial status should be
assessed. Finally, the family history should be
screened, including the heights of the par-
ents and their growth patterns, if available,
as well as the heights of other close relatives.
The age of menarche and puberty (for ex-
ample, age of shaving) should be recorded.
The family history, as it pertains to any po-
tential inherited or genetic disease, is very
important.

Physical examination should initially
consist of accurate measurements of both
height and weight, correctly plotted on a
growth chart. Certainly this is the basis for
the diagnosis of short stature. The child
should be observed for visual recognition
of clues that could lead to the diagnosis of
dysmorphic syndromes or specific endo-
crine disorders. A complete physical exami-
nation should be performed, with a
determination of the body habitus, begin-
ning with the derivation of the proportion
of upper to lower body and the arm span
to height value.

Laboratory testing can be divided into
screening studies for children without an
obvious explanation of short stature and
more specific assays when a particular dis-
ease or process is suspected. Appropriate
screening laboratory investigations would
include a complete blood cell count to ex-
clude anemia, leukemia, chronic infection,
or malabsorption; an erythrocyte sedimen-
tation rate measurement to screen for
chronic inflammation; tests of serum elec-
trolytes, blood urea nitrogen, and creati-
nine, as well as urinalysis and a urinary pH
determination to exclude renal disease; se-
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rum calcium, phosphorus, and alkaline
phosphatase measurements to rule out
rickets; and a serum thyroxine and triio-
dothyronine resin uptake and thyroid-stim-
ulating hormone assessment to rule out
hypothyroidism. Additional investigations
can include a karyotype to rule out Turner
syndrome. A bone age (x-ray examination
of left hand and wrist) will assess the skeletal
maturation and assist in predicting the final
height.

Finally, consider taking a growth hor-
mone level in children who have no other
explainable cause for their short staturce
and who have the following features:

e abnormal growth velocity (height gain
each year 1s low compared with growth
velocity curves for typical girls and boys)*;

e normal body proportions;
e normal screening test results; and
e declayed skeletal maturation.

Because growth hormone secretion is
pulsatile, a single random growth hormone
level 1s of no clinical value. Provocative
growth hormone testing in response to clo-
nidine, levodopa, insulin, or arginine (all of
which increase growth hormone stimula-
tion) can be performed.” Although contro-
versial, the current standard requires that
a child show an inadequate response to at
least two of these pharmacologic stimuli be-
fore the diagnosis of growth hormone defi-
ciency can be made. Because of the
difficulty and uncertainty in interpreting
these tests, they should be performed by
somcone with specific expertise, such as a
pediatric endocrinologist.

Managing the short stature child

Obviously, accurate diagnosis is of the ut-
most importance if short stature is to be
treated successfully. Fortunately, the par-
ents can be reassured that the child with fa-
milial short stature or consitutional growth
delay does not have a serious underlying
disorder. In particular, the child with con-
stitutional growth delay can be expected to
attain a normal adult height. However, the
prognosis for the child with pathologic
short stature is more uncertain, depending
on the underlying cause. Specific treatment
for underlying illness will usually result in
catch-up growth. Thus, it is very important
to treat the hypothyroid child with thyroid

hormone replacement, the malnourished
child with specific nutritional therapy, and
the child who clearly has a growth hor-
mone deficiency with growth hormone.
Human growth hormone (extracted
from harvested pituitary glands) has been
associated with several cases of Creutz-
feldt-Jakob discase and has been with-
drawn from the market.” Early problems
of growth hormone antibody production
and allergy side effects associated with the
first generation of biosynthetic growth hor-
mone®! have been resolved by the develop-
ment of a methionine-free, highly purified
recombinant growth hormone.* The usc of
growth hormone-releasing hormone in
children with growth hormone deficiency
sccondary to a hypothalamic defect also
shows promise.%t7
lin-like growth factor (somatomedin-C)
could be available for treatment of growth
hormone deficiency and possibly for the

In the future, insu-

treatment of other causes of short stature.

Growth hormone therapy in children
with classic growth hormone deficiency re-
sults in an early catch-up growth, particu-
larly in younger children."* However, the
final adult height is usually less than ex-
pected based on the patient’s genetic back-
ground.” This could reflect a suboptimal
dose or a suboptimal mode or frequency of
growth hormone administration.™

Growth hormone therapy for cases oth-
er than growth hormone deficiency can
also increase growth velocity and result in
increased adult height.”! The optimal dos-
ing, again, is likely the limiting factor in
achieving consistent results.”

The treatment of very short children
with no demonstrated abnormality remains
difficult and controversial.”>’” Some au-
thors advocate treating these children with
growth hormone replacement therapy be-
cause of the association between short stat-
ure and psychosocial
However,

morbidity.”"7
suggest  that
growth hormone treatment docs not allevi-
ate the psychosocial problems that accom-
pany short stature or even that accompany
a growth hormone deficiency specifical-
Iy, 131417

Physicians should be very cautious in of-
fering hope of catch-up growth to young
patients who receive growth hormone re-
placement therapy, as one report noted

several  studies

2210 Canadian Family Physician VOl 37: October 1991




reactive depression in some children whose
growth velocity did not improve or did not
improve sufficiently to satisfy the child or
the parents.”’ Clearly, physicians must be
mindful of the danger of unrealistic expec-
tations and must counsel accordingly.
This raises a very important point that
is often overlooked in review articles: the
treatment of the child or adolescent with
short stature involves more than clinical in-
vestigation and therapeutic intervention
aimed at correcting or reversing the short
stature. Psychosocial correlates of short
stature can affect the ultimate character, so-
cio-economic status, and psychosocial
well-being of the adult with short stature.
Thus, the identification of psychosocial risk
factors and appropriate intervention, if pos-
sible, can be a crucial aspect of care for
some cases. This issue is addressed in Part
2 of this review (page 2217). ]
Acknowledgment
We thank Dr D.K. Stephure, Endocrine Clinic, Al-
berta Children’s Hospital, for his advice in the prepa-
ration of this paper.

Requests for reprints to: Dr Frank N.
Schnell, Foothills Professional Bldg, Ste 350,
1620 — 29 St NW, Calgary, AB T2N 4L7

References

1. Rudman D, Kutner MH, Blackston RD, Jansen
RD, Patterson JH. Normal variant short stature;
sub-classification based on responses to exogenous
human growth hormone. 7 Clin Endocrinol Metab
1979;49:92-9.

2. Rudman D, Kutner MH, Blackston RD, Cush-
man RA, Bain RP, Patterson JH. Children with
normal variant short stature: treatment with human
growth hormone for six months. N Engl 7 Med
1981;305:123-31.

3. Linder B, Cassorla F. Short stature etiology, diag-
nosis and treatment. JAMA 1988;260:3171-5.

4. Tanner J, Whitehouse R, Takaishi M. Standards
from birth to maturity for height, weight, height ve-
locity, British children, 1965. Arch Dis Child 1966;
41:454-71, 613-35.

5. Tanner J, Whitehouse R, Takaishi M. Clinical lon-
gitudinal standards for height, weight, height veloc-
ity, weight velocity and the stages of puberty. Arh
Dis Child 1976;51;170-9.

6. Tanner J, Whitchouse R, Takaishi M. Height and
weight charts from birth to five years, allowing for
length of gestation. Arch Dis Child 1973;48:76-9.

7. Tanner J, Davies P. Clinical longitudinal standards
for height and height velocity for North American
children. ¥ Pediatr 1985;107:317-29.

8. Smith DW, Truog W, Rogers JE, Greitzer L],
Skinner AL, McCann JJ, et al. Shifting linear
growth during infancy: illustration of genetic factors

in growth from fetal life through infancy. j Pediatr
1976;89:225-30.

9. Barr GD, Allen CM, Schinefield HR. Height
and weight of 7500 children of three skin colours.
Am J Dis Child 1972;124:866.

10. Smith DW. Growth and its disorders: major problems
in clinical pediatrics. Philadelphia, Pa: WB Saund-
ers, 1977.

11. Tanner JM. Growth and endocrinology of the
adolescent. In: Gardner LI, editor. Endocrine and
genetic diseases of childhood and adolescents. Philadel-
phia, Pa: WB Saunders, 1975:14-64.

12. Lipsky MS, Horner JM. Childhood short stat-
ure. Am Fam Physician 1988;37:230-41.

13. Pierson M, Leheup B, Schweitzer C, Mangis E.
The physical, psychological, educational and pro-
fessional conditions of young adults given growth
hormone for childhood growth hormone deficit.
Acta Endocrinol (Copenh) 1986;(Suppl 279):130-4.

14. Dean H, McTaggart T, Fish D, Friesen HG.
The educational, vocational and marital status of
growth-hormone deficient adults treated with
growth hormone during childhood. Am 7 Dis Child
1985;139:1105-10.

15. Folstein S, Weiss J, Mittelman F, Ross D. Im-
pairment, psychiatric symptoms and handicap in
dwarfs. Johns Hopkins Med J 1981;148:273-7.

16. Hensley W, Cooper R. Height and occupation-
al success: a review and critique. Psychol Rep 1987
60:843-9.

17. Mitchell C, Joyce S, Johanson A, Libber S,
Plotnick L, Migeon CJ, et al. A retrospective eval-
uation of long-term growth hormone therapy. Clin
Pediatr 1986;25:17-23.

18. Tanner JM, Goldstein H, Whitehouse RH.
Standards for children’s height at ages 2-9 years,
allowing for heights of parents. Arch Dis Child
1970;45:755-62.

19. Tanner JM. Normal growth and growth assess-
ment. Clin Endocrinol Metab 1986;15:411-51.

20. National Center For Health Statistics. Body di-
mensions and proportions for white and negro children
6-11 years, United States. Washington, DC: Govern-
ment Printing Office; 1974 Vital Statistics, PHS
Publication No. 1000, Series 11, No. 143,

21. National Center for Health Statistics. Body d-
mensions and proportions of white and negro children
12-17 years, United States. Washington, DC: Gov-
ernment Printing Office; 1973 Vital Statistics,
PHS Publication No. 1000, Series 11, No. 126.

22. Hung W, August G, Glasgow AM. Advanced text-
book of pediatric endocrinology. New York, NY: Medi-
cal Examination Publishing, 1983:11-5.

23. Fitzhardinge P, Steven E. The small for date in-
fant later growth patterns. Pediatrics 1972;
49:671-81.

24. Rallison ML. New concepts: growth disorders
in children. Compr Ther 1987;13:45-57.

25. Woodruff D. Iron deficiency in infancy and
childhood. Pediatr Clin North Am 1977;24:85-94.

26. Hambidge K. The role of zinc and other trace
metals in pediatric nutrition and health. Pediatr
Clin North Am 1977;24:95-106.

27. Gordon E, Gordon R, Slpassal D. Zinc metab-
olism: basic clinical and behavioural aspects. 7 Pe-
diatr 1981;99:341-9.

Canadian Family Physician VOL. 37: October 1991 2211




28. National Center for Health Statistics. Height and
weight of children, socioeconomic status. Washington,
DC: Government Printing Office; 1972 Vital and
Health Statistics, Publication No. 1000, Series 11,
No. 119.

29. Preecce M, Law C, Davies P. The growth of
children with chronic pediatric disease. Clin Endo-
crinol Metab 1986;15:453-77.

30. Illig R, Prader A. Effect of testosterone on
growth hormone sccretion in patients with anor-
chia and delayed puberty. 7 Clin Endocrinol Metab
1970;30:615-8.

31. Ross J, Cassorla F, Skerda M, Valk I, Loriaux
D, Cutter G, et al. A preliminary study of the ef-
fect of estrogen dose on growth in Turner’s syn-
drome. N Engl 7 Med 1983;309:1104-6.

32. Zachmann M, Prader A. Anabolic and andro-
genic effect of testosterone in sexually immature
boys and its dependency on growth hormone. 7
Clin Endocrinol Metab 1970;30:85-95.

33. Schoenle E, Zapf J, Humbel R, Froesch E. In-
sulin-like growth factor I stimulates growth in hy-
pophysectomized rats. Nature 1982;296:252-3.

34. Kostyo J, Isaksson O. Growth hormone and
regulation of somatic growth. Rev Physiol 1977,
13:255-74.

35. Isaksson O, Jansson J, Ganse I. Growth hor-
mone stimulates longitudinal bone growth direct-
ly. Science 1982;216:1237-8.

36. Isgaard J, Nilsson A, Landah! A, Jansson J,
Isaksson O. Effects of local administration of GH
and IGF-1 on longitudinal bone growth in rats.
Am J Physiol 1986;250:E367-72.

37. Gourmelen M, Pham-Huu-Trung M, Gitard T.
Transient partial hGH deficiency in pre-pubertal
children with delay of growth. Pediatr Res 1979;
13:221-4.

38. Mahoney CP. Evaluating the child with short
stature. Pediatr Clin North Am 1987;34:825-49.

39. Cuttler L. Evaluation of growth disorders in
children. Pediatrician 1987;14:109-20.

40. Bayley N, Pinneau SR. Tables for predicting
adult height from skeletal age: revised for use with
Gruclich-Pyle. 7 Pediatr 1952;40:423-41.

41. Roche AF, Wainer F, Thissen D. The RWT
method for the prediction of adult stature. Pediat-
rics 1975;56:1027-33.

42. Tanner JM, Whitehouse RH, Marshall WA,
Carter BS. Prediction of adult height from height,
bone age and occurrence of menarche at ages 4
to 16 with allowance for midparent height. Arch
Dis Child 1975;50:14-26.

43. Rimon DL, Horton WA. Short stature: part II.
J Pediatr 1978;92:697-704.

44. Rimon DL, Borochowitz Z, Horton WA. Short
stature — physiology and pathology. IVest 7 Med
1986;144:710-21.

45. Kelley TE. The mucopolysaccharidoses and
mucolipidoses. Clin Orthap 1976;114:116-33.

46. Rimon DL, Lackman RS. The chondrodyspla-
sias. In: Emmery AE, Rimon DL, editors. Princi-
ples and practice of medical genetics. Edinburgh:
Churchill Livingstone, 1983:703-35.

47. Ranke MB, Pfluger H, Rosendahl W, et al.
Turner syndrome: spontaneous growth in 150

cases in review of the literature. Eur j Pediatr
1983;141:81-8.

48. Lippe B. Primary ovarian failure. In: Kaplan
SA, editor. Clinical pediatric and adolescent endocrinolo-
. Philadelphia, Pa: WB Saunders, 1982:269-99.

49. Brooc C, Hindmarsh P, Smith P, Stanhope R.
Clinical features in investigation of growth hor-
mone deficiency. Clin Endocrinol Metab 1986;
15:479-93.

50. MacGillivray M. Clinical features, tests and
causes of growth hormone deficiency. In: Raiti T,
editor. Human growth hormone. New York, NY: Ple-
num Press, 1986:51-65.

51. Lee PA, Weldon BV, Migeon CS. Short stature
as the only clinical sign of Cushing’s syndrome. J
Pediatr 1975;86:89-91.

52. Loeb JN. Cortical steroids and growth. N Engl 7
Med 1976;295:547-52.

53. Spillotis BE, August GP, Hong W, Sonis W,
Mendelson W, Bercu B, et al. Growth hormone
neurosecretory dysfunction: a treatable cause of
short stature. JAMA 1984;251:2223-30.

54. Underwood LE, Radcliff WB, Strackland AL,
et al. Assessment of sella turcica volume in dwarf
children. 7 Clin Endocrinol Metab 1973;36:734-41.

55. Youlton R, Kaplan S, Grumbach M. Growth
and growth hormone. Limitations of the growth
hormone response to insulin and arginine and of
the immunoreactive insulin response to arginine
in the assessment of growth hormone deficiency
in children. Pediatrics 1969;45:989-1004.

56. Groll J, Candy DC, Preece MA, Tanner JM,
Harries JT. Short stature as the primary manifes-
tation of celiac disease. Lancet 1980;2:1097-9.

57. McCaffrey TD, Nasr K, Lawrence AM, Kirsner
JB. Severe growth retardation in children with in-
flammatory bowel disease. Pediatrics 1970
45:386-93.

38. Lewy JE, New MI. Growth in children with re-
nal failure. Am J Med 1975;58:65-8.

59. Frasier SD. A review of growth hormone stimu-
lation tests in children. Pediatrics 1974;53:929-37.

60. Underwood LE, Fisher DA, Frasier SD, Gert-
ner JM, Kaplan SL, Kirkland R, et al. Degen-
erative neurologic disease in patients formerly
treated with growth hormone. 7 Pediatr 1985;
107:10-3.

61. Wilton P. Growth hormone treatment in girls
with Turner’s syndrome. Acta Paediatr Scand 1987,
76:193-200.

62. Albertsson-Wikland K. Clinical trial with au-
thentic recombinant somatotropin in Sweden and
Finland. Acta Paediatr Scand Supp! 1987;Suppl 331:
28-34.

63. Gelato MC, Merriam GR. Growth hormone
releasing hormone. Ann Rev Physiol 1986;
48:569-91.

64. Gelato MC, Ross JL., Malozowski S, Pescovitz
OH, Skerda M, Tassorla F, et al. Effects of the
pulsatile administration of growth hormone
(GH) releasing hormone on short term lincar
growth in children with GH deficiency. J Clin En-
docrinol Metab 1985;61:444-9.

65. Thorner MV, Reschke ], Chitwood J, Rogol
AD, Furlanetto R, Rivier J, et al. Acceleration of

2212 Canadian Family Physician VOL. 37: October 1991




human growth hormonc therapy in pa-
tients with Turner syndrome. 7 Pediatr
1986; 109:944-9.

72. Ranke MB. Human growth hormone
therapy of non growth hormone deficient
children. Pediatrician 1987;14:178-82.

73. Lantos ], Siegler M, Cuttler L. Ethical is-
sues in growth hormone therapy. JAMA
1989;261:1020-4.

74. Pollitt E, Money J. Studics in the psy-
chology of dwarfism: I. Intelligence quo-
tient and school achievement. 7 Pediatr
196463:415-21.

75. Gordon M, Crouthamel C, Post E, Rich-
man RA. Psychosocial aspects of constitu-
tional short stature: social competence,
behavior problems, self-esteem and family
functioning. ¥ Pediatr 1982;101:477-80.

76. Meyer-Bahlburg HF. Psychosocial man-
agement of short stature. In: Shaffer D,
Ehrhardt A, Greenhill L, editors. The clini-
cal guide to child psychiatry. New York, NY:
Free Press, 1985:110-44.

77. Rotnem D, Cohen DJ, Hintz R, Genel
M. Psychological sequelae of relative
“trcatment failure” for children receiving

growth in two children treated with human
growth hormone -releasing factor. N Engl 7
Med 1985;312:4-9.

66. Ross RJ, Rodda C, "I'sagarakis S, Davies
PFW, Grossman A, Rees LLH. Treatment of
growth hormone deficiency with growth
hormone releasing hormone. Lancel
1987:1:5-8.

67. Low LC, Wang C, Cheung KT, Lam
KSL, Young RTT, Yeung CY. Long-term
pulsatile growth hormone (GH) releasing
hormone therapy in children with GH de-
ficiency. J Clin Endocrinol Metab 1988;
66:611-7.

68. Laron 7, Bauman B, Joscfsberg Z. Im-
portance of age at initiation of hGH thera-
py. Pediatr Adolesc Endocrinol 1987;16:48-60.

69. Burns EC, Tanner JM, Preece MA,
Cameron N. Final height and pubertal de-
velopment in 55 children with idiopathic
growth hormone deficiency treated for bet-
ween 2 and 15 years with human growth
hormone. Fur J Pediatr 1981;137:155-64.

70. Knudtzon J, Aarskot D. Growth hor-
mone therapy in short stature. Pediatrician
1987;14:172-7.

71. Raiti S; Moore WV, Van Vliet G, Ka-
plan SL. Growth stimulating effects of

human growth hormone replacement. 7
Am Acad Child Psychiatry 1979;18:505-20.

NOTHING WORKS LIKE
NON-SYSTEMIC

SULCRATE

sucralfate/NORDIC

PRESCRIBING
INFORMATION

THERAPEUTIC CLASSIFICATION
Gastroduodenal Cytoprotective Agent
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of duodenal ulcer recurrence.

2) Suspension SULCRATE® (sucralfate) suspension is
indicated for the treatment of duodenal ulcer.
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